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(54) Abstract Title 

Wheel incorporating condition monitoring system 

(57) A wheel, particularly suitable for a vehicle, includes at least a portion formed from non-metallic material 
in which is incorporated at least one sensor indicative of a condition sensed. In a preferred embodiment of the 
invention a wheel (1) is moulded from a fibre reinforced plastics material and incorporates passive sensors (2) 
capable of indicating conditions of the wheel or the tyre associated with it (e.g. tyre pressure or torque 
transmitted). The sensor output is processed by an ASIC device (6) to provide an output signal to a 
communications device (10) also mounted on the wheel. The ASIC (6) and communications device (10) are 
powered from a virtual battery (9) which is charged by suitable means, e.g. using electrical pulses generated 
by strain within the wheel itself. An id tag (8) may be provided to identify the wheel in question. 
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2373863 

1 

WHEEL INCORPORATING CONDITION MONITORING SYSTEM 



This invention relates to a non-metallic wheel which incorporates a 
condition monitoring system. The condition monitoring system includes in-wheel 
components for measuring physical parameters and may have memory devices 
containing for example manufacturing data. The required components and 
associated circuitry may be moulded into the wheel at the point of manufacture or 
may be embedded after manufacture or may in part be moulded into the wheel at 
the point of manufacture and in part embedded in or attached to the wheel post 
manufacture. The preferred wheel is particularly suitable for use on a car 
(automobile) or van or lorry (truck) or on civil engineering plant (face shovels, 
scrapers, graders etc.) but the invention is not limited to such applications and may 
indeed be applied to any wheel requiring the monitoring provided by the present 
invention. 

In accordance with the present invention a wheel has a structural portion 
formed from a non-metallic material, the structural portion incorporating as an 
integral part thereof a passive sensor to monitor characteristics of the wheel and/or 
of a tyre mounted on the wheel and/or of a fluid contained between the wheel and 
the tyre, whilst the wheel/tyre is in use. 

As used herein the term "structural portion" means a portion of the wheel 
which, at least under certain operating conditions of the wheel, is a load bearing 
part of the wheel. The structural portion may, for example, be a portion of the rim 
of the wheel, or a portion of a hub of the wheel, or a spoke of the wheel. 

The term "non-metallic material" as used herein means a material which is 
predominantly non-metallic and covers materials which may incorporate metallic 
elements, for example reinforcing elements. The preferred non-metallic material 
of the present invention is a synthetic plastics material which may optionally be 
reinforced, for example with glass fibres or other reinforcement materials. 
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The tenn "passive sensor" as used herein means a sensor which is capable 
of providing an output indicative of a sensed condition without the use of an 
electro-chemical primary or secondary cell mounted on the wheel. The sensor may, 
for example, be a surface acoustic wave (SAW) device (for example a SAW 
resonator) and an associated antenna and RF couple 

A SAW resonator sensor may be operated by exciting the resonator with a 
radio signal to produce a resonant frequency response. SAW resonators may 
accordingly be regarded as entirely "passive" in the sense that the output signal 
from them is produced in response to the input signal which they receive, without 
the need for any separate power supply. Sensors based on SAW devices may be 
incorporated in wheels and used indefinitely to monitor appropriate physical 
conditions of the wheels. Equally SAW delay line based sensors or other passive 
sensors may be used. 

Preferably, the wheel includes a silicon device for calculation of parameters 
and/or memorising preset values. Furthermore if an ASIC is required for the 
interrogation of the passive sensor it may also be incorporated within the wheel. If 
this requires electrical power within the wheel the required power can be generated 
locally by suitable means including mechanical or electromechanical means for 
generating electrical energy within the wheel as the wheel rotates, and may be 
stored by suitable means for storing the electrical energy. Additionally or 
alternatively the power supply may be external, for example by means of RF 
energy transmitted to the wheel and rectified within the wheel, or by inductive 
coupling to the wheel. 

Any required calculation or memory functions (so called "intelligence") 
may reside in the stationary part of the vehicle and be RF energy coupled to the 
passive sensors incorporated in the wheel from the stationary ASIC. There also 
exist embodiments where a combination of in-wheel intelligence and external 
intelligence is provided. 

There are three major classes and many sub embodiments of the proposed 
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wheel. The major classes may be described as a fully passive wheel, a semi-passive 
wheel and an active wheel. 

The fully passive wheel may have embedded SAW based sensors or or other 
passive sensors, for example Passive Impedance to Frequency Converter (PIFC) or 
Passive Impedance to Amplitude Converter (PIAC) sensors (which are known in 
the art). These are addressed in a non-contact manner via an RF couple or pair of 
antennas. On board the stationary part of the vehicle is the necessary electronics in 
the form for example of an ASIC. This generates interrogation signals and 
interprets the returned signals to obtain data about physical parameters of the 
wheel. This can then be used for example for traction control, active braking etc. 
This information can also be transmitted from each wheel arch to a central 
processing and display unit for example via a wireless telemetry technology for 
example using the Bluetooth^protocol or satellite communication protocol. 

The semi-passive wheel has sensors embedded as above but may carry some 
electronics on board by way of an identity tag. This class may need to be powered 
in a non-contact way internally or from a coupled external source via e.g. a rotary 
transformer or RF power. The sensor electronics will still be on the stationary part 
of the vehicle and a suitable couple will still be required. 

The active wheel takes the concept a stage further by incorporating all of the 
components required to interrogate the sensors in the wheel. The interfaces 
between the wheel and stationary part consist a means of communicating bi- 
directionally probably and preferably in a digital format via for example as RF 
signals sent via antennae or via a rotating transformer or optical rotary joint. This 
information can also be transmitted from each wheel arch to a central processing 
and display unit vi^ for example a wireless telemetry technology for example using 
the Bluetooth^protocol or satellite communication protocol. 

In embodiments where it is desirable to communicate wirelessly between 
the wheel and the vehicle, an antenna may be incorporated within the wheel 
structure at moulding or embedded at a later stage. 



In a particularly embodiment of the invention the means for generating 
electrical energy generates pulses of electrical energy, for example one pulse of 
electrical energy per revolution of the wheel. In this case the device according to 
an embodiment of the invention preferably also includes a counter, which stores a 
count of the number of the revolutions of the wheel. Preferably, the interrogating 
device is able to interrogate the stored count to determine the number of 
revolutions that the wheel has performed. This function is particularly desirable in 
large wheels such as those used on heavy civil engineering machinery. Tyres for 
such wheels are frequently leased and may be returned to the factory for re-capping 
on a number of occasions. It is particularly important that the re-capping process is 
commenced before the tyre has worn by too large an extent. By providing a remote 
indication of the total number of revolutions the wheel has completed, the 
revolution count may be used as a basis for deciding when the tyre should 
inspected and/or be withdrawn from service for recapping. 

In the preferred embodiment of the invention the device for producing a 
pulse of electrical energy is a piezo-electric device, for example a PVDF device 
embedded within the structure of the wheel. With such a device the changing 
stress at one point on the wheel induced by the variable loading at that point as the 
wheel rotates causes a pulse of electrical energy will be generated. The pulses 
serve to increment the counter and to charge an electrical storage device. 

Preferably, the electrical storage device uses a capacitor as the means for 
storing the electrical energy. The power requirements of the system are very small, 
and by using a capacitor rather than primary or secondary electrical cell the device 
has a very long life expectancy and will not be adversely affected by the harsh 
environment in which the device has to operate. 

Preferably the wheel includes storage means for storing an identification 
code associated with the sensor; receiving means for receiving a signal from a 
remote interrogating device, means for sending to the interrogation device signals 
indicative of the condition to which the sensor is sensitive, means for sending to 
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the interrogation device signals indicative of the identification code, a power 
supply for supplying electrical energy to the device, and means incorporated in the 
wheel for storing the electrical energy so generated 

In such an embodiment, the arrangement may be such that each wheel will 
only provide an indication of the state sensed by the sensors in response to an 
interrogation signal having a portion corresponding to the identification code 
stored in the memory. The wheel may also issue its own identification code as part 
of the interrogation sequence. Typically, the wheel mounted device will be 
activated by sending a signal including a portion corresponding to the 
identification code of the wheel carrying the device. The device will then transmit 
the required signals indicative of the state being sensed, and will then transmit a 
signal indicative of the wheel identification code. The combination of only 
transmitting sensor information in response to a received signal including a portion 
corresponding to the stored identification code and transmitting the stored 
identification code at the end of the sensor information transmitting sequence gives 
a high degree of certainty to the interrogating device that the sensor information is 
associated with the correct identification code. 

The invention will be better understood from the following description of a 
preferred embodiment thereof, given by way of example only, reference being had 
to the accompanying drawings wherein: 

Figure 1 shows schematically a first embodiment of the invention; 
Figures 2a and 2b illustrate modifications of the embodiment of Figure 1; 
Figure 3 illustrates a further embodiment of the invention; 
Figure 4 illustrates schematically the components of a further embodiment 
of the invention. 

Referring firstly to Figure 1 there is shown schematically a wheel 1 having a 

condition monitoring system. 

The system includes one or more sensors 2; three SAW sensors are shown 
in Figure 1 to measure strain in three orthogonal axes x,y,z. The sensors can be of 
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any passive type, for example SAW devices or nanophase wire or strip or passive 
impedance to frequency converting devices and may provide indications of any 
wheel condition, for example wheel pressure and wheel temperature and multi axis 
strain in the wheel. It is to be understood, however, that the invention is not 
limited to such sensors and could be operated with SAW device sensors capable of 
producing signals other than temperature or pressure and/or with other types of 
passive sensor. 

As will be appreciated by those skilled in the art, SAW device sensors are 
capable of providing an indication of a characteristic feature of the sensor in 
response to an interrogation signal sent from a remote RF source. The fully passive 
system communicates via either an RF couple 5 or antennae 3,4 depending on the 
interrogation strategy and hardware constraints of the system; both methods of 
communication are shown. The sensor information is then processed by electronics 
6 preferably in the form of an ASIC and then transmitted to the vehicle monitoring 
or stability control system 7 either via a databus or wirelessly. 

Figure 2a shows a modification of the system of Figure 1 which now 
incorporates an id tag 8. The id tag 8 has a number of uses particularly in truck or 
fleet markets as explained in our co-pending United Kingdom patent application 
0024416.0. This may be read wirelessly or via the RF couple. If read wirelessly it 
may be at a different frequency to the SAW sensors already described. Again 
sensor information is then processed by electronics preferably in the form of an 
ASIC and then transmitted to the vehicle stability/control system either via a 
databus or wirelessly. 

Figure 2b incorporates means 9 for generating a voltage within the wheel 
such that the system incorporating id tag 8 and SAW based sensors 1 may be self 
powered and wirelessly interrogated using the technique described in United 
Kingdom patent application 0024416.0. 

Referring now to Figure 3 there is shown a second embodiment of the 
invention. In this embodiment the components incorporated in or secured to the 
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wheel 1 comprise appropriate sensors 1, an id tag 8 and an internal power source 9 
as in the embodiment of Figure 2b. In this case, however, the required ASIC and 
signal processing apparatus 6 is incorporated in the wheel and hardwired to sensors 
1, id tag 8 and power source 9. Additionally, a communications device 10 is 
incorporated in the wheel for providing communications to a complementary 
communication device 1 1 mounted on a non-rotating part of the vehicle. 
Communication between the devices 10 and 1 1 may be by any suitable means, for 
example by means of RF technology, including, in particular, Bluetooth^ 
Technology. Information received by the transceiver 1 1 is communicated to an 
appropriate vehicle monitoring or stability control management system. 

Referring now to Figure 4 a further development of the invention is shown 
schematically. In this case, the wheel mounted components include a wheel torque 
sensor 12, a wheel speed sensor 13, a rotation counter 14, an identity tag 15, a tyre 
pressure sensor 16, a tyre temperature sensor 17, and a wheel vibration sensor 18. 
The tyre mounted on the wheel incorporates a tread wear sensor 19, a tyre identity 
device 20 and a tyre strain measuring device 21. Additionally, the tyre incorporates 
an ablative antenna 22 for providing a signal collection between the in-tyre 
components and the wheel mounted components. Appropriate control circuitry 23 
is provided for controlling the various sensors and providing counter, clock and 
memory functions. The system is powered by means of an in-wheel voltage 
generating device 24 the output of which provides pulses which may be used for 
rotation counting purposes and which are used to charge a virtual battery 25 which 
forms part of the electronic package 23. An in-wheel antenna 26 is provided to 
provide communication via a wheel arch mounted antenna 27 to transceiver 
circuitry 28 mounted on a non-rotating part of the vehicle. Signals processed by the 
circuitry 28 are retransmitted by appropriate transmitter circuitry 29 to a driver 
information panel and/or vehicle monitoring or control systems 30. 

In each of the above devices at least some of the components are 
incorporated in a non-metallic part of the wheel at the time of manufacture and 
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become an integral part of the wheel. For example, appropriate sensors may be 
incorporated within the wheel at the time of manufacture and/or an antenna may be 
incorporated within the wheel at the time of manufacture. In one relatively simple 
embodiment of the invention SAW device based strain gauges are incorporated in 
the spokes of a non-metallic wheel and are connected to an antenna which is an 
integral part of the wheel as a result of incorporation of a pre-formed antenna at the 
time of manufacture or the application of an antenna to the surface of the 
manufactured wheel. By interrogating the strain gauges into the spokes the torque 
transmitted through the wheel can be monitored. If torque values from all wheels 
of the vehicle are monitored these values may be used as the input to a traction 
control or active braking control system. Although the present invention does 
envisage that certain components will be secured to the wheel after manufacture, 
the critical characteristics of the invention is that at least some components are 
incorporated in the wheel at the time of manufacture to provide a low cost high 
integrity structure which requires a minimum of subsequent assembly with 
additional components to provide the required functionality. 



CLAIMS: 
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I A wheel having a structural portion formed from a non-metallic 

material, the structural portion incorporating as an integral part thereof a passive 
sensor to monitor characteristics of the wheel and/or of a tyre mounted on the 
wheel and/or of a fluid contained between the wheel and the tyre, whilst the 
wheel/tyre is in use. 

2. A wheel according to claim 1 wherein a silicon device is embedded in or 
secured to the wheel for calculation of parameters and/or for memorising preset 
values. 

3. A wheel according to claim 1 or claim 2 including an interrogation 
device for interrogating the passive sensor, wherein the interrogation device 
incorporates an ASIC embedded in or secured to the wheel. 

4. A wheel according to any preceding claim including means embedded in 
or secured to the wheel for generating electrical power to power the components 
embedded in or secured to the wheel. 

5 A wheel according to any preceding claim in combination with means 
external to the wheel for supplying energy to the wheel via a wireless connection. 

6 a wheel according to claim 4 wherein the means for generating 
electrical energy generates a fixed number of pulses of electrical energy for each 
revolution of the wheel. 

7. A wheel according to claim 6 wherein the wheel includes a counter 

which stores a count of the number of pulses to provide a value for the number of 
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revolutions turned by the wheel. 

8. A wheel according to claim 6 or claim 7 wherein the device for 
producing a pulse of electrical energy is a piezo-electric device, for example a 
PVDF device embedded within the structure of the wheel 

9. A wheel according to any preceding claim including storage means 
for storing an identification code associated with the sensor; receiving means for 
receiving a signal from a remote interrogating device, means for sending to the 
interrogation device signals indicative of the condition to which the sensor is 
sensitive, and means for sending to the interrogation device signals indicative of 
the identification code. 

10. A wheel according to any preceding claim wherein the passive sensor is a 
SAW device. 
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